Introduction

H
umans are immersed in an ocean of natural background radiation. Some basic factors such as altitude and the concentration of radionuclides in the Earth's crust determine the level of background exposure in each place. Interestingly, there are inhabited areas around the world with extraordinary levels of natural background radiation (up to two orders of magnitude higher than other places). These extraordinary high levels of background radiation have been reported to be due to high concentration of some radionuclides in the soil or water streams or due to above-the-normal concentrations of indoor radon and its decay products. Although the level of background radiation in areas such as Yangjiang, China; Guarapari, Brazil; and Kerala, India is extraordinarily high, Ramsar, a coastal city in North Iran, has some inhabited areas with the highest known levels of background radiation around the world. It is worth noting that people have lived for many generations in high background radiation areas (HBRAs) such as ABSTRACT Man has been exposed to different levels of natural background radiation since the creation of human life. There are inhabited areas around the world with extraordinary levels of natural background radiation. The level of natural radiation in these areas is up to two orders of magnitude higher than other places. Areas such as Yangjiang, China; Guarapari, Brazil; and Kerala, India are among the areas with high levels of natural radiation. Ramsar a coastal city in North Iran has some inhabited areas with the highest known levels of background radiation around the world. People who live in high background radiation areas (HBRAs) such as Ramsar do not record any detrimental biological effects. While some cytogenetic studies conducted in HBRAs have shown increased frequencies of unstable chromosome aberration, other investigations failed to find a significant difference. This short review is an attempt to verify if induction of chromosomal anomalies in the lymphocytes of the residents of high background radiation areas is associated with increased cancer risk. [2] . It is well documented that Ramsar, has inhabited areas with the highest recorded levels of background radiation on Earth [3] . The health effects of exposure to above-thenormal levels of natural ionizing radiation in HBRAs of Ramsar [4] [5] [6] [7] [8] [9] [10] including the first reports on the induction of adaptive response (AR) in the residents of these areas [11, 12] have been previously reported by our team. Some evidence shows that that exposure to high levels of natural background radiation can induce adaptive phenomena in microorganisms which make them better cope with the lethal effects of even antibiotics [13] .
Chromosome Aberration
Although some cytogenetic studies conducted in HBRAs of Ramsar have shown increased frequencies of unstable chromosome aberration [14] , other studies were unable to find any statistically significant difference in the frequency of chromosome aberration in lymphocytes of HBRAs and normal background radiation areas (NBRAs) [11, 15] . Increased frequency of chromosome aberrations (dicentrics and rings) in HBRA of Southern China, an area with three to five times higher levels of background radiation compared to that of the control area has been previously reported. However, they could not detect any significant increase in the frequency of translocations in HBRA [16] . However, researchers found a positive correlation between the rates of dicentrics and ring chromosomes and age in HBRAs of China, while a similar relationship was not detectable in control areas. This study showed that the frequency of dicentrics and rings increased linearly over lifetime due to exposure to chronic background radiation [17] . Very similar to the findings of Ramsar, Chinese researchers also could not detect any increase in the frequency of translocation in the residents of HBRAs [18] . It has been reported that in Southern China, the level of chromosome aberrations induced by exposure to above-the-normal levels of natural radiation is not as important as those induced by other mutagenic factors such as smoking [19, 20] . In this light, it seems that metabolic factors or mutagenic agents (other than ionizing radiation) in HBRAs of China play a more important role in the induction of chromosome aberrations than ionizing radiation [21] . Therefore, it can be argued that the induction of stable type chromosome aberrations in HBRAs of China is more affected by the chemical mutagens and metabolic factors than high background radiation [22] . Another study conducted on the frequencies of chromosomal aberration and karyotype anomalies in the newborns from HBRAs of Kelara could not reveal any difference with the levels found in NBRAs [23] . In China, Zhang et al. also reported that the above-the-normal levels of natural radiation possibly play a less significant role than smoking in the induction of stable type chromosome aberrations (translocations and inversions). In spite of this, some reports indicate that the frequencies of both stable and unstable chromosome aberrations (dicentrics and rings) in the residents of HBRAs were higher than control areas [24] .
It has also been reported that elevated level of background radiation in Kerala coast was not associated with any significant effect on the telomere length of newborns [25] . Indian scientists also found that exposure to high levels of natural radiation could not affect telomere length in adult population residing in HBRAs of Kerala coast [26] . In an experiment performed on the spontaneous rates of DNA double strand breaks (DSBs) in peripheral blood mononuclear cells of the residents of HBRAs of Kelara and a NBRA, it was shown that the dose rate of 5.0 mGy/year could be a possible threshold dose for the induction of DSBs by in-vivo chronic low-dose radiation www.jbpe.org High Background Radiation Areas and Cancer Risk exposure [27] .
Micronuclei Assay
Itis generally believed that higher levels of environmental radiation are always equal to higher rates of micronuclei (MN). Furthermore, experiments performed later on the induction of micronuclei either in Ramsar [28] and Kerala [29, 30] could not reveal any statistically significant difference between the overall frequency of MN in HBRAs and the normal background radiation areas. In another study, it was suggested that elevated level of naturally occurring radiation in Kerala has no significant effect on the induction of micronuclei frequency among the newborns [31] .
Comet Assay
Mohammadi et al. in their study performed in 2006 showed that the rates of induced DNA damage and repair were significantly higher in the mononuclear cells of the resident of HBRAs compared to those of NBRAs [28] . In another study, it was found that spontaneous level of DNA damage and the induced DNA damage in all challenging doses in high natural background radiation areas of Ramsar were considerably higher than control groups [32] . In a similar pattern, the inhabitants of Tamil Nadu, India HBRAs showed significant risk of genetic damage that was confirmed by the alkaline comet assay. In this study, a significant rise in comet tail frequency was observed in the residents of HBRAs compared to controls. However, due to significant role of some major confounding factors, the authors conclude that exposure to elevated levels of background radiation by itself does not pose any significant risk of genetic damage [33] .
Cancer Incidence
Although in some areas, high levels of background radiation have been linked to increased frequency of chromosome aberrations in the circulating lymphocytes of the residents; the carcinogenic effect of these levels of natural radiation is not proven yet [34] . The link between different levels of natural radiation and cancer morbidity and mortality has been addressed in some countries. The findings of these studies are controversial. While studies conducted in Italy [35] and Poland showed a positive association, studies performed in India [36] and Ireland [37] failed to show any significant relationship. In Ramsar, a slight increase was found in cancer mortality and morbidity among female residents of HBRAs. However, the observed differences for both mortality ratios and incidence ratios were not statistically significant [38] . Nevertheless, Mortazavi et al. showed a negative correlation between radon concentration and frequency of lung cancer in eight districts of Ramsar with different levels of radon [39] . In China, Tao et al. could not reveal any increased cancer risk associated with high levels of natural radiation in HBRA of Yangjiang [40] . An earlier study also showed that the mortality from all cancers and those from leukemia, breast and lung cancers (which are more likely radiation-induced) was not higher in the residents of HBRAs of China compared to that of the control areas. The authors concluded that their findings were in line with this assumption that lower mortality from cancer in the HBRAs is a hormetic effect induced by exposure to a 3 fold higher dose rate of background radiation in those areas [24] . The mortality of all cancers in HBRA was generally lower than that of the control area; however, the differences were not statistically significant. In contrast with the predictions of LNT, cancer mortality studies performed in HBRAs of Yangjiang demonstrate that the cumulative natural radiation dose was not linked to cancer mortality [41, 42] .
Indian researchers also were not able to detect excess cancer risk from exposure to terrestrial gamma radiation in HBRAs of Kerala. Furthermore, no association was found between the rate of leukemia and exposure to high levels of natural radiation in these areas [43] . In contrast with these reports, in Brazil, it was reported that the cancer mortality for Poços de Caldas and Guarapari was higher than the expected levels (compared with their respective reference population). However, cancer mortality in Araxá was lower than expected levels [44] . We have previously reported that the residents of HBRAs are possibly among the people whose genetic makeup has made them resistant, at least to some extent, to the detrimental effects of low levels of ionizing radiation [45] . Recent advances in developing simple mathematical models for prediction of radon concentration in homes located in HBRAs of Ramsar as well as models which can predict the levels of tumor markers [46] help scientist better evaluate the cancer risk in HBRAs.
Conclusion
While some cytogenetic studies performed in HBRAs have shown increased frequencies of unstable chromosome aberration, the majority of studies performed so far failed to find statistically significant differences. In spite of the reports which indicate a link between the levels of background radiation and increased frequency of chromosome aberrations in the circulating lymphocytes of the residents of HBRAs, the carcinogenic effect of the elevated levels of natural radiation is not proven yet. In this review, we tried to verify if induction of anomalies in the lymphocytes of the residents of high background radiation areas was associated with increased cancer risk. Altogether, we believe that as the residents of HBRAs and their ancestors have been exposed to extraordinary high levels of natural background radiation over many generations, if these levels of ionizing radiation were detrimental to their health, causing genetic abnormalities or an increased risk of cancer, it should be evident in these inhabitants. However, due to the limitations of the studies conducted on the residents of HBRAs, these findings should be interpreted with caution. shan-Shomal P, Razavi-Toosi S, Zarghani H. Shortterm exposure to high levels of natural external gamma radiation does not induce survival adaptive response. 
